ABSTRACT
Introduction
Recently there has been a renewed interest in cancer immunotherapy especially in the area of cancer vaccine development. However, cancer immunology is extremely complex with numerous interactions between the tumor and the host. Therefore, it is time for those of us that treat cancer, especially surgeons, to learn more about these complex interactions. We definitely need to know more about host immunity and cancer immunosuppressive mechanisms, many which are not directly related to the disease, but caused by stress and treatment of the disease. This communication is an attempt to bring awareness to this problem.
Discussion
The diagnosis of cancer initiates a cascade of tremendous stressful events in the host of that disease. This stress can be very detrimental to the host immune system, which is probably already immunocompromised. Physicians treating cancer know it elicits fear, anger, anxiety, and depression, all very stressful, emotional events, which may impact the final outcome of the disease for the host. Most cancer physicians (surgical, medical, and radiation oncologist) do not appreciate the impact on host cell mediated immunity (CMI) caused by the therapies of cancer; and definitely do not know how devastating psychic stress is on host immunity.
In fact, host immunity in the cancer patient is totally ignored by most oncologists, especially in the private practice community setting [1] . Physician interest is mainly on the disease, type of tumor, tumor biology, clinical staging, and treatment options. During this stressful period, a devastating and possibly irreversible effect on the host immune system may occur. This immunosuppressive period may possibly determine the final treatment outcome and over-all survival for the host. Therefore, it is imperative that measures be implemented to reverse these immunosuppressive events immediately at the time of diagnosis.
The first and probably most important of theses measures is recognition of this very complex problem. The second is physician education about the complexity of host immunosuppression, and what steps can be taken to minimize or reverse these immunosuppressive events. These steps involve several phases requiring different approaches of immune support, but the support should start immediately at the time of diagnosis. The different phases to be addressed are: 1) at diagnosis, 2) during staging work-up, 3) consultation about treatment options, 4) primary surgical treatment, 5) adjuvant therapy (hormonal, radiation, or chemotherapy) Table 1 . The mechanisms of host immunosuppression may be different in each of the above phases, and each will require different approaches to support the host immune system. However, support should be implemented immediately and continue through each phase adjusting support based on the difference in the pathophysiology of each phase of host immune suppression. Supporting host immunity at the beginning of the first phase will condition the host immune system and allow for easier treatment support of host immunity through each phase of the cancer treatment protocol Table 2 . Many of the statements in this communication are our opinion, and we now present evidence to support this opinion.
The relationship between the brain and the immune system is not appreciated by most oncologists; however, the brain and the immune system are the two major adaptive body systems. In 2000 Elenkov, Wilder, Chrousos, and Vizi [2] published a tremendous paper explaining in detail the relationship of these two major adaptive systems. They state that during an immune response the brain and immune system talk to each other and this is necessary for homeostasis. They show that the sympathetic nerve is an integrative interface between the two supersystems (the brain and the immune system). Treat anxiety-comfort patient, compassion, and treat with anti-anxiety drugs 2.
Reverse catecholamine suppression with prostaglandin synthesis inhibitors and β-blockers B.
Entire Perioperative Period
1.
Evaluate pre-operative NK and T-cell numbers and activity 2.
Continue A. 2. above 3.
Timing of surgery especially in women during pre-menstrual and menstrual cycle 4.
Use Poly I-C to protect NK cells intraoperatively and post-operatively; also prophylactic use of IL-12 and (CPG-CODN)
5.
The two major pathway systems involved in the crosstalk are the hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic nervous system (SNS). Their overview focuses on the role of the (SNS) in neuroimmune interactions, which has not received the attention as has the role of the (HPA) axis.
Evidence over the last 20 years shows that norepinephrine (NE) fulfills the role for neurotransmitter/modulator in lymphoid organs. Primary and secondary lymphoid organs have extensive sympathetic noradrenergic innervations. When stimulated (NE) is released from sympathetic endings in these organs, and target immune cells expressing adrenoreceptors to respond. The locally released (NE), or circulating catecholamines affect lymphocyte circulation, proliferation and traffic. This modulates cytokine production and functional activity of different lymphoid cells.
They point out that there is strong evidence that (NE) and epinephrine through stimulation of the B2-adrenoreceptor-cAMP protein kinase A pathway inhibits production of Type I proinflammatory cytokines and stimulates the production of the Type 2 anti-inflammatory cytokines and thus, causes a selective suppression of the Th1 response and cellular mediated immunity (CMI) and shift toward dominance of a Th2 response and humeral immunity. A shift of a Th1 to a Th2 response in the tumor microenvironment promotes cancer progression. This phenomenon should be considered and addressed early in cancer treatment. Elenkov, et al. [2] state that in certain local conditions, catecholamines may boost regional immune responses through production of IL-1, tumor necrosis factor-a and production of IL-8. The (SNS) seems to be pro Th1 locally and pro Th2 systemically thus protecting the organism from detrimental effects of proinflammatory cytokines and products of activated macrophages. By utilizing this knowledge, one can pharmacologically manipulate the sympathetic immune interaction and focus on new therapeutic strategies for cancer treatment.
The above facts are undeniable, but no one has contributed more to the field of psychoneuroimmunology than Ben-Eliyahu and his group from Israel. In 2003, Ben-Eliyahu [3] reported on the promotion of tumor metastasis by surgery and stress. He laid the foundation for the immunological basis and implications for psychoneuroimmunology (PNI), which I have decided to expand to psychoneuro-immunooncology. His minireview emphasizes the (PNI) perspective and hypothesis that stress and surgical excision of the primary tumor can promote tumor metastasis. He establishes the theoretical basis for control of metastasis by (CMI) and the interactive role of non-immunological risk factors. He describes aspects of surgery that suppress (CMI) and neuroendocrine mechanisms causing suppression by stress and surgery. Because of empirical evidence from animal and human studies, for promotion of metastasis by stress and surgery with special emphasis on the role of (CMI) it was concluded that: "1) Immunological mechanisms most likely play a role in limiting metastasis in patients with solid tumors. 2) Immunosuppression can be deleterious, especially when surgery is conducted early, before the tumor develops insurmountable mechanisms to escape immune destruction, 3) the most sensitive period for the establishment of metastases is the immediate aftermath of surgery. Interventions aiming at reducing stress and immunosuppression should thus strive to start beforehand. 4) Psychological and physiological insults activate similar neuroendocrine mechanisms of immunosuppression. Therefore, a multi-modal therapeutic approach should be used to prevent tumor metastasis during the peri-operative period. 5) Studies employing interventions arrived at reducing the surgical stress response should preferably assess immunological indices with established clinical relevance, and follow-up long time recurrence provided sample size assure statistical power. 6) The progress toward earlier detection of cancer, and our growing understanding of immunosuppression, continuously improves the chances for successful (PNI) interventions." The above conclusions are profound, but we totally agree with their concepts.
(CMI) probably begins as soon as a tumor presents and continues through the entire process of immunoediting [4] . After tumor escape and local tumor growth (CMI) may still contribute to systemic control of cancer by controlling macrometastatic disease and eradiating residual disease after surgical removal of the primary tumor. This is supported by the evidence from clinical studies reporting that immune competence at the time of cancer treatment is an independent prognostic indicator of disease free survival [5] [6] [7] . Non-immunological factors can promote metastasis after surgery. Malignant cells are loose in the stroma and close to blood vessels, surgery can release cells into the circulation [8, 9] . The removal of the primary tumor promotes angiogenesis by eliminating tumor produced anti-angiogenic factors [10, 11] . Wound repair after surgery releases growth factors that promote cancer progression and metastasis [12, 13] . The tumor tissue should also be evaluated for the expression of Human Leukocyte Antigen G (HLA-G). We have recently reported on the role of HLA-G in breast cancer immunosuppression [14] .
Major surgery suppresses (CMI) in animals and humans and the degree of immunosuppression correlates with the severity of tissue damage [15] . There are numerous cytokine responses to major surgery both locally and systemically. These are proinflammatory cytokines and many Type 2 immunosuppressive cytokines that interfere with (CMI) [16] . Melamed, Rosenne, Shakhar, et al. [17] have shown the suppressive effect of surgery on NK cell activity in an animal model. They studied marinating pulmonary NK cell activity and resistance to experimental tumor metastasis and the suppression by surgery and the reversal of suppression by the prophylactic use of a β-adrenergic antagonist and a prostaglandin synthesis inhibitor. This study confirmed the involvement of catecholamines and prostaglandins in the outcome of immune suppression. They showed that immune suppression was reversed by a prostaglandin synthesis inhibitor and a β-blocker. These findings support that potential prophylactic measures should be implemented in the cancer patient undergoing surgery. Baum, Demicheli, et al. [18] have reported that surgery unfavorably perturbs the natural history of early breast cancer by accelerating the appearance of distant metastases. It was felt that surgery could induce angiogenesis and proliferation of distant dormant micro-metastases, especially in node positive young patients. Other investigators [19, 20] have stressed the complex host-cancer relationship at the time of surgery. An example is the timing of surgery within the menstrual cycle, which may be an important factor regulating surgery induced angiogenesis for node positive premenopausal patients.
Little et al. [21] showed as early as 1993, that surgery and the perioperative period suppressed (CMI) and that interventions to reduce this risk would improve the long range outcome. Studies of surgical stress have confirmed the importance of NK cells in protection from metastasis. Wu and Lanier [22] have shown in animals that NK cells are important for cancer control especially with spread and growth of metastases. While Andersen et al. [23] reported that psychological and surgical stress suppress NK cell activity in humans and animals. However, and more importantly, some clinical studies have shown that levels of NK cell activity at the time of surgery predicts long term survival [24, 25] . Riesco [26] has shown that the pretreatment total lymphocyte count predicts overall survival in cancer patients, independent of other major prognostic factors. Fumagalli et al. [27] have reported that lymphocyte counts independently predict overall survival in advanced cancer patients, and should be a biomarker for interleukin-2 (IL-2) immunotherapy.
There are several factors that are involved in the stress response to surgery and have been shown to inhibit NK cell activity in vitro. These agents are catecholamines, prostaglandins, and corticosteroids, which have been reported by Di Lorenzo et al. [28] , and Dokur et al. [29] . These two groups have made a great contribution in this area, but Ben-Eliyahu et al. [30, 31] and Melamed [17] have done tremendous animal work in surgical immune suppression. By using the MADB-106 tumor model in rats they implicated sympathetic responses in supporting metastasis during stress and surgery. They confirmed that B1 and B2 adrenoreceptor antagonists that blunt sympathetic responses reduced NK cell suppression and inhibited the increased susceptibility of experimental MADB-106 metastasis that follow surgical stress, swim stress, social confrontation, and hypothermia. In vitro studies of Ellis et al. [32] and Whalen and Bankhurst [33] showed that catecholamines and prostaglandins suppress NK cell activity by elevating intracellular cyclic adenosine monophosphate (cAMP) levels.
The group from Israel continues to make great contributions to surgical and psychological NK cell Suppression. Rosenne et al. [34] sought to develop a clinically applicable preoperative regimen to prevent immunosuppression and promotion of metastasis by surgery and stress. They used the synthetic ds-RNA, poly I-C in vivo in F344 rats. It is thought that poly I-C protects immunocytes from suppression by (cAMP) elevating agents. Poly I-C increased the numbers of NK cells, while not increasing cytotoxicity, but profoundly protected marginating pulmonary NK cells from suppression by surgery. They felt that by increasing the numbers of marginating pulmonary NK cells, and increasing their resistance to immunosuppression, it could reduce postoperative metastasis in cancer patients.
It is important to think about these types of approaches to support host immunity very early in the cancer patient, especially during the stressful perioperative period. Most immunotherapeutic strategies attempt at boosting antitumor immunity but this is not enough to offset the immunosuppression of major surgery. Therefore, support during the immediate post-operative period is critical. The evidence suggest that boosting antitumor immunity and protecting immunity from postoperative suppression act via different cellular mechanisms combining both could be complimentary treatments and thus tremendously benefit the cancer patient. We [35] have shown that antitumor immunity can be accomplished with a mixed vaccine of autogenous and allogeneic breast cancer cells and tumor associated antigens CA15-3, CEA, and CA-125. The results in immune and clinical responses in breast cancer patients were reported. However, we believe it is time to implement competent antimetastatic measures, as it is critical in determining long-term survival.
It is now time for surgeons that treat cancer to start implementing competent antimetastatic immunity measures before, during, and after surgery. Host immunity in the perioperative period has been evaluated by the group in Israel, and again they have contributed much to our understanding of immune modulation during that period.
Greenfield, Avraham, Benish, Goldfarb, et al. [36] studied immune suppression in patients while awaiting surgery and following it. They looked at dissociations between cytokine levels, their induced production, and NK cell cytotoxicity. They looked at the effects of various surgeries on a wide array of immune indices and compared patients' pre-operative immune status to control subjects. Blood procedures assessed NK cell number and cytotoxicity, and plasma cytokine levels and induced production of IFNγ, IL-6, IL-10, and IL-12. They found that surgery reduced NK cell numbers/mL blood, pro-CMI cytokine production of IL-12 and IFNγ were reduced by surgery. After surgery IFNγ and IL-6 increased. Prior to surgery patients had impaired IL-12 induced production and NK activity with reduced plasma IFNγ levels. Their findings showed that patients exhibit impaired immune function even before operation, which contributes to post-operative immune suppression. They believe that perioperative suppression of NK activity is mediated by neuroendocrine responses rather than Th1 cytokines.
Schwartz, Avraham, Benish, et al. [37] have shown that prophylactic IL-12 treatment reduces postoperative metastasis in a rat tumor model. The mediation of protection was by increased numbers but not cytotoxicity of NK cells. They found that IL-12 did not potentiate activity per NK cell nor protect it from suppression by surgery, but IL-12 increased the numbers of circulating and marginating pulmonary NK cells. Their study indicated that the antimetastatic effects of IL-12 are due to increased numbers of strategically located NK cells. They advocate IL-12 as a prophylactic approach against the potential metastasis promoting effects of surgery. Goldfarb, Benish, Rosenne, et al. [38] have shown that CpG-C oligodeoxynucleotides (CpG-C ODN) limit the deleterious effects of β-adrenoreceptors stimulation on NK cytotoxicity and metastatic dissemination. They believe prophylactic CPG-C ODN therapy can improve immunocompetence and potentially reduce metastatic dissemination in clinical settings characterized by enhanced sympathetic stress responses. We have recently shown that the cytolytic function of NK cells is inhibited by increased tumor iron concentration both intracellular and in the stromal microenvironment [39, 40] .
Conclusions
The above evidence presented supports, without doubt, the concept of what I now call psychoneuro-immunooncology. It is important to continue research in cancer immunotherapy and establish it as the fourth modality of cancer therapy. The Big Three being surgery, chemotherapy, and radiation. I believe for cancer immunotherapy to be effective and accepted as the fourth modality of cancer treatment, it will take a very innovative combined approach. I have discussed and presented details about a combination cancer immunotherapy approach soon to be published [41] . However, I now truly believe for a combination cancer immunotherapy protocol to have the most opportune chance to be efficacious, we must address host immune support immediately at the time of diagnosis. By treating immune suppression associated with the psychic stress of diagnosis and surgical procedures, other cancer immunotherapeutic measures in the adjuvant and metastatic setting will probably be much more effective. This communication is an appeal to physicians that treat cancer especially surgeons, to begin to look at the host of the disease and beyond the cancer. It is definitely important to monitor and support host immunity at diagnosis, perioperative period and during adjuvant chemotherapy and radiation protocols. By addressing host immunity in all of these areas confronting cancer patients, we can offer patients better quality of life and possibly a better chance for survival. It is time for the cancer surgeon to think beyond the recommended surgical procedure for the disease and start the practice of psychoneuro-immunooncology. 
